w here constant cu rren ts are w anted for a longer period, th e working of a nu m b er of elem ents or batteries connected by means of a com m u tato r in such a w ay th a t one elem ent or b a tte ry will always be out of the circuit, and have its gases changed, and be replaced in the circu it a t th e m om ent w hen the n ex t elem ent or b attery is switched out for th e same purpose.
In using, in place of sulphuric acid, a solution of sodium chloride as electrolyte, we found, afte r w orking th e battery for some time, sodium hy d rate on one side and HC1 on the other side of the battery, and have been able to determ ine in th is case the polarisation to he equal to O'54 volt, w hich very nearly accounts for the difference betw een th e E .M .F . of th e open b a tte ry and the E.M .F. calculated according to Thom son's theorem . The E.M .F. of PtH,]SraClAq,PtO we found equal 0 8 6 volt, which, added to th e polarisation of 0 5 4 volt ju st m entioned, gives a total of 1'40 against the theoretical figure for H , 0 = 1 4 7 . By changing th e gases after the polarisation was fully established, the b attery showed an E.M .F. of P 39 volts.
T his observation, as well as th e determ inations of Peirce,* of the E .M .F. of gas batteries w ith the same gases and different electrolytes, s iows th a t th e electrolyte also has considerable influence upon the E.M .F.
W e hope by fu rth e r investigation to arrive a t assigning th eir proper value to the various causes affecting the E.M .F. of gas batteries. U n d er this title I com m unicated to the Royal Society, in February, 1883,f th e results of some experim ents on th e reactions occurring d u rin g the ch arging and discharging of a storage cell. I showed th a t no appreciable p a rt of th e storage effect was due to occluded gases, as had been previously suggested by some chem ists and physicists ; b u t th a t th e act of charging consisted essentially in the decomposi tion of lead sulphate w hilst the discharge was produced by the re composition of this salt.
The establishm ent of these, as practically the only reactions going on in a storage cell, enabled me to prescribe a very simple method by which the charge in any cell could be asc ertain ed ; for as sulphuric acid is liberated d u rin g the charging and absorbed by the active m aterial of th e plates d uring discharge, the amount of charge could 1889.] the Chemistry o f Storage Batteries. 30 at any tim e be m easured by ascertaining the am ount of free sulphuric acid in th e c e ll; in o th er words, by sim ply determ ining the specific gravity of th e ele c tro ly te ; and this m ethod has since been very generally adopted by the users of storage batteries.
In continuing these experim ents, it soon became evident th a t th e lead sulphate form ed and decomposed in the cell could not be the ordinary w hite sulphate hith erto know n to chem ists, because, in the first place, the active m aterial of the plates always rem ains coloured even afte r discharge, and secondly, because w henever w hite sulphate is produced th ro u g h abnorm al reactions in the cell, it is afterw ards decomposed only w ith extrem e difficulty by the electric current.
In order to obtain some lig h t upon th e composition of the sulphate formed and decomposed in th e cell, I have studied the action of dilute sulphuric acid upon litharge and m inium , the two oxides of lead chiefly used in th e construction of th e plates of storage cells.
Action o f D ilute Sulphuric Acid on Litharge.
F inely powdered lith arg e was trea ted w ith successive portions of dilute sulphuric acid until th e liquid rem ained strongly acid after prolonged tritu ratio n . The resulting insoluble buff-coloured powder was washed w ith w ater till free from acid, and dried, first at 100° C. and afterw ards at 150-160°. The loss at this h ig h er tem perature was less th an 0 2 per cent., and was therefore due to h m oisture. , PbO and S 0 3 w ere*then determ ined in th e dried compound as follow s:-The salt was dissolved in a sm all quantity of pure con centrated solution of caustic potash, and th e solution, afte r dilution, was saturated w ith C 0 2. (A ccording to H. Rose, COPbo" is soluble in COKo2, b u t n ot in COHoKo.) A ny excess of C 0 2, which m ight have caused the COPbo" to dissolve, was avoided by w arm ing the liquid with th e precipitate on the w ater-bath to a tem perature a t which the COHoKo begins to dissociate.
The liquid was then allowed to cool and to stand twelve hours before filtering. The COPbo" was filtered off, converted into nitrate, and precipitated and weighed as sulphate. The sulphuric acid was determ ined in the filtrate from th e COPbo".
12964 gram s of the salt gave 0 -6647 gram baric sulphate and 14437 gram plum bic sulphate.
These num bers agree closely with the form ula- --------------------A-------------------- These analytical resu lts suggest the follow ing graphic form ula :-P b 0 2 P b 0 2 II II s=o2=s=o2=s .
II II " II
The form ation of th is salt m ay be represented by th e follow ing e q u a tio n :-5 P b 0 + 3 S 0 4H 2 = S8P b B 0 14+ 3 0 H 2.
Litharge. Sulphuric
Buff lead Water, acid.
salt.
Action o f D ilute Sulphuric Acid on M inium.
M inium was treated w ith dilute sulphuric acid in exactly the same way as litharge, and th e re su ltin g brownish red com pound dried, first a t 100° C., and afterw ards a t 1 5 0 -160°. The loss a t th is higher tem p eratu re was again less th a n 0'2 per cent.
PbO, S 0 8, and excess of oxygen were then determ ined in this salt in the following m a n n e r:-The salt was first treated w ith concen tra te d hydrochloric acid in order to reduce all th e lead to the m on oxide stage.
The re su ltin g m ixture was th en dissolved in caustic potash and tre a te d as already described. The excess of oxygen was determ ined by finding th e loss of w eight which resulted from th e evolution of C 0 3 when the salt was treated w ith oxalic acid and dilute n itric acid. The com position of th is salt m ay be represented graphically thus :-
The form ation of this salt is expressed by the following equation : -P b 30 4+ 2 S 0 4H 3 = S3P b 3O10 + 2O H 2.
Minium. Sulphuric
Red lead Water, acid.
These then are the salts w hich constitute the original active m aterial of storage cells when th a t m aterial is formed by the adm ixture of sulphuric acid w ith lith arg e or m inium respectively, and it is highly probable th a t one or the other of these salts takes p a rt in the elec trolytic processes of the storage battery. I t is fortunate th a t these hitherto unknow n salts (and not th e ordinary known su lp h ate; are formed in th e cell reactions; for, in the alternative case, lead storage batteries would be practically valueless.
If the buff lead salt be the active m aterial of the b attery plates, then the following equations express the electrolytic reactions tak in g place in the cell:-I. In charging- A n inspection of these equations discloses, in th e case of the red lead salt, a fact w hich has already been roughly observed in practice, viz., th a t only half as m uch active m aterial is electrolytically decom posed on th e negative as on th e positive p la te s ; whence it follows th a t the w eight of active m aterial on the negative plates need not exceed one-half of th a t upon the positive p la te s ; for, in the decom position of the electrolyte, equivalent quantities of oxygen and hydrogen are evolved ; th a t is to say, two atom s of hydrogen for each atom of oxygen. B ut, in the decomposition of the red lead salt, four tim es as m any atom s of hydrogen are required to reduce the salt to m etallic lead as atoms of oxygen which are necessary to transform the lead of the salt into peroxide. W hen, however, the active m aterial of th e positive plate has once been converted into peroxide of lead, it seems probable th a t the red salt only is formed ; at all events until th e discharge at high potential is nearly completed, when there are indications of the production of the buff-coloured salt. B ut this is a point req u irin g fu rth er investigation.
I have to th an k Dr. F. R. Japp, F .R .S., for his assistance in the analytical w ork of this investigation.
